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DETAILED ACTION 

1. . Claims 1-20 have been examined. 

Specification 

2. The title of the invention is not descriptive. A new title is required that is clearly indicative of the 
invention to which the claims are directed. 

The following title is suggested: Method and Apparatus of indexing and updating a trace cache 
based on past branching behavior. 

Claim Objections 

3 . Claims 13-15 are objected to because of the following informalities: Claim 13 recites "to 
generate generate", applicant is advised to omit repeated term. Claims 14-15 are objected to due to their 
dependency upon the objected claim 13. Appropriate correction is required. 

Claim Rejections - 35 USC §112 

4. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

5. Claims 4-5, 9-10, 14-15, and 19-20 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. Claims 4-5, 9-10, 14-15, and 19-20 refer to a "determining" step which is not 
clearly defined by the parent claims as written. 

6. Claims 5, 10, 15, and 20 recite the limitation "the alternate trace" in line 1. There is insufficient 
antecedent basis for this limitation in the claim. 
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Claim Rejections - 35 USC § 102 

7. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis 
for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

8. Claims 1-2, 11-12, and 16-17 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Rotenberg et al ("Trace Cache: a Low Latency Approach to High Bandwidth Instruction Fetching", Eric 
Rotenberg, Steve Bennett, James E Smith, IEEE, 1996; herein referred to as "Rotenberg".). 

9. Regarding independent claim 1, 

1 0. Rotenberg discloses a method comprising: reviewing a first branching behavior of a first 
previous set of branching instructions executed by a processor [see Rotenberg, Page. 5, Col. 2, lines 16- 
1 8; Examiner's note: Rotenberg discloses comparing predictions made by a branch predictor with the 
branching behavior of a trace, thus reviewing the branch behavior.]; reviewing multiple traces that have a 
same beginning instruction [see Rotenberg, Page 5, Col. 2, lines 21-23 "...the fetch address matches the 
tag..."; Page 5, Col. 1, line 18 "tag: identifies the starting address of the trace."; Page. 6, Col. 1, lines 27- 
33;]; and selecting a trace from among the multiple traces based on the branching behavior of the first 
previous set of branching instructions [see Rotenberg, Page 5, Col. 2, lines 16-18 "The predictor 
generates multiple branch predictions while the caches are accessed."; Page 5, Col. 2, lines 21-23; "...the 
branch predictions match the branch flags..."; Page 5, Col. 1, lines 19-21 "branch flags: there is a single 
bit for each branch within the trace to indicate the path followed after the branch (taken/not taken).]. 

1 1 . Regarding claim 2, 

1 2. Rotenberg discloses the method of claim 1, further comprising: selecting the trace from among 
the multiple traces that has a second branching behavior of a second previous set of branching 
instructions that matches the first branching behavior of the first previous set of branching instructions 
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[see Rotenberg, Page 5, Col. 2, lines 20-22, "...the branch predictions match the branch flags..."; 
Examiner's note: Inherently, a trace may be accessed multiple times, thus reviewing a second branching 
behavior and comparing it to a prior behavior.]. 

13. Regarding independent claim 11, 

14. Rotenberg discloses a processor comprising: a branch predictor [see Rotenberg, Page 4, Fig. 3, 
element "Multiple Branch Predictor"] to review a first branching behavior of a first previous set of 
branching instructions executed by a processor [see Rotenberg, Page 5, Col. 2, lines 21-23 "...the fetch 
address matches the tag..."; Page 5, Col. 1, line 18 "tag: identifies the starting address of the trace."; 
Page. 6, Col. 1, lines 27-33;]; a trace cache [see Rotenberg, Page 5, Fig. 4] to store multiple traces that 
have a same beginning instruction [see Rotenberg, Page 5, Col. 2, lines 21-23 ". . .the fetch address 
matches the tag. . ."; Page 5, Col. 1 , line 1 8 "tag: identifies the starting address of the trace."]; and a 
fetching mechanism to retrieve a trace from among the multiple traces based on the first branching 
behavior of the previous set of branching instructions [see Rotenberg, Page 5, Col. 2, lines 16-18 "The 
predictor generates multiple branch predictions while the caches are accessed."; Page 5, Col. 2, lines 21- 
23; "...the branch predictions match the branch flags..."; Page 5, Col. 1, lines 19-21 "branch flags: there 
is a single bit for each branch within the trace to indicate the path followed after the branch (taken/not 
taken).]. 

15. Regarding claim 12, 

16. Rotenberg discloses the processor of claim 11, wherein the fetching mechanism is to select the 
trace from among the multiple traces that has a second branching behavior of a second previous set of 
branching instructions that matches the first branching behavior of the first previous set of branching 
instructions [see Rotenberg, Page 5, Col. 2, lines 20-22, "...the branch predictions match the branch 
flags..."]. 

17. Regarding independent claim 16, 
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1 8. Rotenberg a system comprising: a memory to store a set of instructions [see Rotenberg, Page 1, 
Col. 1, lines 17-19; Examiner's note: Rotenberg discloses a trace cache within a superscalar environment. 
It would have been obvious to one of ordinary skill in the art at the time of invention that a processing 
environment would need a memory to store a set of instructions to provide functionality for the 
invention.]; a processor coupled to the memory to execute the set of instructions [see Rotenberg, Page. 1, 
Fig. 1; Examiner's note: It is inherent that Rotenberg intends the trace cache to be utilized within a 
processor capable of executing instructions.], the processor with a branch predictor [see Rotenberg, Page 
4, Fig. 3, element "Multiple Branch Predictor"] to review a first branching behavior of a first previous set 
of branching instructions executed by a processor [see Rotenberg, Page. 5, Col. 2, lines 16-18; 
Examiner's note: Rotenberg discloses comparing predictions made by a branch predictor with the 
branching behavior of a trace, thus reviewing the branch behavior.], a trace cache [see Rotenberg, Page 5, 
Fig. 4] to store multiple traces that have a same beginning instruction [see Rotenberg, Page 5, Col. 2, 
lines 21-23 "...the fetch address matches the tag..."; Page 5, Col. 1, line 18 "tag: identifies the starting 
address of the trace."; Page. 6, Col. 1, lines 27-33;], and a fetching mechanism to retrieve a trace from 
among the multiple traces based on the first branching behavior of the previous set of branching 
instructions [see Rotenberg, Page 5, Col. 2, lines 16-18 "The predictor generates multiple branch 
predictions while the caches are accessed."; Page 5, Col. 2, lines 21-23; "...the branch predictions match 
the branch flags..."; Page 5, Col. 1, lines 19-21 "branch flags: there is a single bit for each branch within 
the trace to indicate the path followed after the branch (taken/not taken).]. 

19. Regarding claim 17, 

20. Rotenberg discloses a system of claim 16, wherein the fetching mechanism is to select the trace 
from among the multiple traces that has a second branching behavior of a second previous set of 
branching instructions (hat matches the first branching behavior of the first previous set of branching 
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instructions [see Rotenberg, Page 5, Col. 2, lines 20-22, "...the branch predictions match the branch 
flags..."]. 

Claim Rejections - 35 USC §103 

21. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

22. Claims 3, 13, and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over Rotenberg in 
view of Nair (US Pat. No. 6,304,962). 

23. Regarding claim 3, 

24. Rotenberg discloses the limitations as stated in independent claim 1. 

25. Rotenberg does not explicitly disclose generating a new trace if a divergence occurs in a pre- 
determined location in the trace. 

26. Nair does disclose generating a new trace if a divergence occurs in a pre-determined location in 
the trace [see Nair, Col. 8, lines 34-39]. 

27. The advantage of generating a new trace if a divergence occurs in a trace would have been to 
allow for a processor to dynamically update a trace cache with up-to-date information regarding the 
outcome of branches within a trace. Said updating would allow a processor to maintain an accurate 
representation of the most recent performance of a given trace. This advantage is desirable in the 
environment provided by Rotenberg as it would have allowed for fewer mispredictions of branch 
instructions while enabling a processor to maintain the use of a trace cache architecture. This advantage 
would have motivated one of ordinary skill in the art to allow a trace cache to be updated upon an invalid 
branch prediction of an instruction within a trace. 

28. Regarding claim 13, 
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29. Rotenberg discloses the limitations as stated in independent claim 11. 

30. Rotenberg does not explicitly disclose a processing core to [executing] the trace and to generate 
generate a new trace if a divergence occurs in a pre-determined location in the trace. 

3 1 . Nair does disclose a processing core to [executing] the trace and to generate a new trace if a 
divergence occurs in a pre-determined location in the trace [see Nair, Col. 8, lines 34-39]. 

32. The advantage of generating a new trace if a divergence occurs in a trace would have been to 
allow for a processor to dynamically update a trace cache with up-to-date information regarding the 
outcome of branches within a trace. Said updating would allow a processor to maintain an accurate 
representation of the most recent performance of a given trace. This advantage is desirable in the 
environment provided by Rotenberg as it would have allowed for fewer mispredictions of branch 
instructions while enabling a processor to maintain the use of a trace cache architecture. This advantage 
would have motivated one of ordinary skill in the art to allow a trace cache to be updated upon an invalid 
branch prediction of an instruction within a trace. 

33. Regarding claim 18, 

34. Rotenberg discloses the limitations as stated in independent claim 16. 

35. Rotenberg does not explicitly disclose a processing core to execute the trace and to generate a 
new trace if a divergence occurs in a pre-determined location in the trace. 

36. Nair does disclose a processing core to execute the trace and to generate a new trace if a 
divergence occurs in a pre-determined location in the trace [see Nair, Col. 8, lines 34-39]. 

37. The advantage of generating a new trace if a divergence occurs in a trace would have been to 
allow for a processor to dynamically update a trace cache with up-to-date information regarding the 
outcome of branches within a trace. Said updating would allow a processor to maintain an accurate 
representation of the most recent performance of a given trace. This advantage is desirable in the 
environment provided by Rotenberg as it would have allowed for fewer mispredictions of branch 
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instructions while enabling a processor to maintain the use of a trace cache architecture. This advantage 
would have motivated one of ordinary skill in the art to allow a trace cache to be updated upon an invalid 
branch prediction of an instruction within a trace. 

38. Claims 4-5, 14-15, and 19-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Rotenberg in view of Nair in view of Patel (). 

39. Regarding claim 4, 

40. Rotenberg and Nair.disclose the limitations as stated in claim 3. 

41 . Rotenberg and Nair do not disclose determining whether the new trace is generated is based on 
which instruction within a block of instructions creates the branch. 

42. Patel does disclose determining whether the new trace is generated is based on which instruction 
within a block of instructions creates the branch [see Patel, Page. 75, lines 7-9]. 

43. The advantage of determining whether a new trace should be generated based on its location 
within a block of instructions would have been to minimize the negative effects of trace fragmentation 
within the trace cache [see Patel, Page 75, lines 12-13], for example, in tight loop situations utilizing 
backwards branch instructions [see Patel, Page 75, lines 13-14]. This advantage is desirable in the 
environment disclosed by Rotenberg and Nair as it would have increased the throughput of the processor 
and the speed at which instructions could be fetched due to the minimization of fragmentation within the 
trace cache. This advantage would have motivated one of ordinary skill in the art at the time of invention 
to base the generation of new traces on the position of an instruction, as disclosed by Patel, within the 
invention disclosed by Rotenberg and Patel. 

44. Regarding claim 5, 

45. Rotenberg and Nair disclose the limitations as stated in claim 3. 
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46. Rotenberg and Nair do not explicitly disclose determining whether the alternate trace is 
generated is based on which block of instructions the branch occurs in. 

47. However, Patel discloses selectively packing traces dependent on their position within a trace 
block. Patel does not explicitly disclose selecting traces to be packed based on block position, however, 
Patel states the goal of selectively generating traces based on instruction position would have been to 
increase the fetch bandwidth of a trace cache. It would have been obvious to one of ordinary skill in the 
art at the time of invention to base the generation of a trace based on the block the trace resides in as it is 
merely a higher level of hierarchy (instruction - trace - block - cache) and the implementation would 
have been theoretically similar to that of denying the creation of a trace based on the instruction 
placement within a block. The advantages of selectively generating traces has been discussed in the 
arguments concerning the preceding claim and will not be repeated in this rejection. Therefore, it would 
have been obvious to one of ordinary skill in the art at the time of invention to utilize the trace creation 
selection mechanism disclosed by Patel in a higher level of cache hierarchy, such as the block level. 

48. Regarding claim 14, 

49. Rotenberg and Nair disclose the limitations as stated in claim 13. 

50. Rotenberg and Nair do not disclose the new trace* [being] generated is based on which instruction 
within a block of instructions creates the branch. 

51. Patel does disclose the new trace [being] generated is based on which instruction within a block 
of instructions creates the branch [see Patel, Page. 75, lines 7-9]. 

52. The advantage of determining whether a new trace should be generated based on its location 
within a block of instructions would have been to minimize the negative effects of trace fragmentation 
within the trace cache [see Patel, Page 75, lines 12-13], for example, in tight loop situations utilizing 
backwards branch instructions [see Patel, Page 75, lines 13-14]. This advantage is desirable in the 
environment disclosed by Rotenberg and Nair as it would have increased the throughput of the processor 
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and the speed at which instructions could be fetched due to the minimization of fragmentation within the 
trace cache. This advantage would have motivated one of ordinary skill in the art at the time of invention 
to base the generation of new traces on the position of an instruction, as disclosed by Patel, within the 
invention disclosed by Rotenberg and Patel. 

53. Regarding claim 15, 

54. Rotenberg and Nair disclose the limitations as stated in claim 13. 

55. Rotenberg and Nair do not explicitly disclose the alternate trace [being] generated [being] based 
on which block of instructions the branch occurs in, 

56. However, Patel discloses selectively packing traces dependent on their position within a trace 
block. Patel does not explicitly disclose selecting traces to be packed based on block position, however, 
Patel states the goal of selectively generating traces based on instruction position would have been to 
increase the fetch bandwidth of a trace cache. It would have been obvious to one of ordinary skill in the 
art at the time of invention to base the generation of a trace based on the block the trace resides in as it is 
merely a higher level of hierarchy (instruction - trace - block - cache) and the implementation would 
have been theoretically similar to that of denying the creation of a trace based on the instruction 
placement within a block. The advantages of selectively generating traces has been discussed in the 
arguments concerning the preceding claim and will not be repeated in this rejection. Therefore, it would 
have been obvious to one of ordinary skill in the art at the time of invention to utilize the trace creation 
selection mechanism disclosed by Patel in a higher level of cache hierarchy, such as the block level. 

57. Regarding claim 19, 

58. Rotenberg and Nair disclose the limitations as stated in claim 18. 

59. Rotenberg and Nair do not disclose the new trace [being] generated is based on which instruction 
within a block of instructions creates the branch. 
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60. Patel does disclose the new trace [being] generated is based on which instruction within a block 
of instructions creates the branch [see Patel, Page. 75, lines 7-9]. 

61. ■ The advantage of determining whether a new trace should be generated based on its location 
within a block of instructions would have been to minimize the negative effects of trace fragmentation 
within the trace cache [see Patel, Page 75, lines 12-13], for example, in tight loop situations utilizing 
backwards branch instructions [see Patel, Page 75, lines 13-14]. This advantage is desirable in the 
environment disclosed by Rotenberg and Nair as it would have increased the throughput of the processor 
and the speed at which instructions could be fetched due to the minimization of fragmentation within the 
trace cache. This advantage would have motivated one of ordinary skill in the art at the time of invention 
to base the generation of new traces on the position of an instruction, as disclosed by Patel, within the 
invention disclosed by Rotenberg and Patel. 

62. Regarding claim 20, 

63. Rotenberg and Nair disclose the limitations as stated in claim 18. 

64. Rotenberg and Nair do not explicitly disclose the alternate trace .[being] generated [being] based 
on which block of instructions the branch occurs in. 

65. However, Patel discloses selectively packing traces dependent on their position within a trace 
block. Patel does not explicitly disclose selecting traces to be packed based on block position, however, 
Patel states the goal of selectively generating traces based on instruction position would have been to 
increase the fetch bandwidth of a trace cache. It would have been obvious to one of ordinary skill in the 
art at the time of invention to base the generation of a trace based on the block the trace resides in as it is 
merely a higher level of hierarchy (instruction - trace - block - cache) and the implementation would 
have been theoretically similar to that of denying the creation of a trace based on the instruction 
placement within a block. The advantages of selectively generating traces has been discussed in the 
arguments concerning the preceding claim and will not be repeated in this rejection/ Therefore, it would 
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have been obvious to one of ordinary skill in the art at the time of invention to utilize the trace creation 
selection mechanism disclosed by Patel in a higher level of cache hierarchy, such as the block level. 

66. Claims 6-7 are rejected under 35 U.S.C. 103(a) as being unpatentable over Rotenberg in view of 
Tanenbaum (Andrew S. Tanenbaum. Structured Computer Organization, 1984. Pg. 10-1 1; herein referred 
to as "Tanenbaum"). 

67. Regarding independent claim 6, 

68. Rotenberg discloses reviewing a first branching behavior of a first previous set of branching 
instructions executed by a processor; reviewing multiple traces that have a same beginning instruction; 
and selecting a trace from among the multiple traces based on the branching behavior of the first 
previous set of branching instructions. 

69. Rotenberg does not disclose a set of instructions residing in a storage medium, said set of 
instructions capable of being executed by a processor to implement a method 

70. However, Tanenbaum discloses that "hardware and software are logically equivalent" and that 
any hardware apparatus can be simulated in software [see Tanenbaum, p. 11, lines 1 1-13]. The 
advantage of implementing the method disclosed within claim 18 within a machine-accessible medium 
would have been to exploit the advantages of software-based approaches such as cost or ease of 
upgrading [see Tanenbaum, p. 11, lines 13-15]. This advantage would have motivated one of ordinary 
skill in the art to implement the method disclosed in the body of claim 6 in software as opposed to in 
hardware. 

7 1 . Regarding claim 7, 

72. Rotenberg and Tanenbaum disclose the limitations as stated in independent claim 6. 

73. Rotenberg further discloses selecting the trace from among the multiple traces that has a second 
branching behavior of a second previous set of branching instructions that matches the first branching 
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behavior of the first previous set of branching instructions [see Rotenberg, Page 5, Col. 2, lines 20-22, 
"...the branch predictions match the branch flags..."]. 

74. Claim 8 is rejected under 35 U.S.C. 1 03(a) as being unpatentable over Rotenberg in view of Nair 
and in view of Tanenbaum. 

75. Regarding claim 8, 

r 

76. Rotenberg and Tanenbaum disclose the limitations as stated in independent claim 6. 

77. Rotenberg and Tanenbaum do not explicitly disclose generating a new trace if a divergence 
occurs in a pre-determined location in the trace. 

78. Nair does disclose generating a new trace if a divergence occurs in a pre-determined location in 
the trace [see Nair, Col. 8, lines 34-39], 

79. The advantage of generating a new trace if a divergence occurs in a trace would have been to 
allow for a processor to dynamically update a trace cache with up-to-date information regarding the 
outcome of branches within a trace. Said updating would allow a processor to maintain an accurate 
representation of the most recent performance of a given trace. This advantage is desirable in the 
environment provided by Rotenberg as .it would have allowed for fewer mispredictions of branch 
instructions while enabling a processor to maintain the use of a trace cache architecture. This advantage 
would have motivated one of ordinary skill in the art to allow a trace cache to be updated upon an invalid 
branch prediction of an instruction within a trace. 

80. Claims 9-10 are rejected under 35 U.S.C. 103(a) as being unpatentable over Rotenberg in view of 
Nair and in view of Patel and in view of Tanenbaum. 

81. Regarding claim 9, 

82. Rotenberg, Nair and Tanenbaum disclose the limitations as stated in claim 8. 
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83. Rotenberg, Nair and Tanenbaum do not disclose the new trace [being] generated is based on 
which instruction within a block of instructions creates the branch. 

84. Patel does disclose the new trace [being] generated is based on which instruction within a block 
of instructions creates the branch [see Patel, Page. 75, lines 7-9]. 

85. The advantage of determining whether a new trace should be generated based on its location 
within a block of instructions would have been to minimize the negative effects of trace fragmentation 
within the trace cache [see Patel, Page 75, lines 12-13], for example, in tight loop situations utilizing 
backwards branch instructions [see Patel, Page 75, lines 13-14]. This advantage is desirable in the 
environment disclosed by Rotenberg and Nair as it would have increased the throughput of the processor 
and the speed at which instructions could be fetched due to the minimization of fragmentation within the 
trace cache. This advantage would have motivated one of ordinary skill in the art at the time of invention 
to base the generation of new traces on the position of an instruction, as disclosed by Patel, within the 
invention disclosed by Rotenberg and Patel. 

86. Regarding claim 10, 

87. Rotenberg, Nair and Tanenbaum disclose the limitations as stated in claim 8. 

88. Rotenberg, Nair and Tanenbaum do not explicitly disclose the alternate trace [being] generated 
[being] based on which block of instructions the branch occurs in. 

89. However, Patel discloses selectively packing traces dependent on their position within a trace 
block. Patel does not explicitly disclose selecting traces to be packed based on block position, however, 
Patel states the goal of selectively generating traces based on instruction position would have been to 
increase the fetch bandwidth of a trace cache. It would have been obvious to one of ordinary skill in the 
art at the time of invention to base the generation of a trace based on the block the trace resides in as it is 
merely a higher level of hierarchy (instruction - trace - block - cache) and the implementation would 
have been theoretically similar to that of denying the creation of a trace based on the instruction 
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placement within a block. The advantages of selectively generating traces has been discussed in the 
arguments concerning the preceding claim and will not be repeated in this rejection. Therefore, it would 
have been obvious to one of ordinary skill in the art at the time of invention to utilize the trace creation 
selection mechanism disclosed by Patel in a higher level of cache hierarchy, such as the block level. 

Any inquiry concerning this communication or earlier communications from the examiner should 
be directed to George D. Zalepa whose telephone number is (571) 272-6754. The examiner can normally 
be reached on Monday-Friday (alt. Friday off). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, Eddie 
P. Chan can be reached on (571) 272-4162. The fax phone number for the organization where this 
application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent Application 
Information Retrieval (PAIR) system. Status information for published applications may be obtained 
from either Private PAIR or, Public PAIR. Status information for unpublished applications is available 
through Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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